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(54) Lead frame for a semiconductor device. 

(57) A lead frame (10) for a semiconductor device comprising : a lead frame material made of a rneiaS strip 
(20) and including at least a plurality of inner (14) and outer (12) Seads, a Pd or Pd-a!?oy fiirn (24) formed 
directly or via an underiayer film (26) on an entire surface of the lead frame material ; and an Ag- or 
Au-pfated film (28) further formed on the Pd or Pd-aHoy fUrn (24) of at least said outer leads (12) of the 
lead frame material. 
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Thes invention relates to a lead frame used for a semiconductor device. 

A semiconductor device comprises a lead frame having a chip mounting or die-pad area and a plurality of 
leads around the die-pad area, a semiconductor chip mounted on the die-pad area and having a plurality of 
connecting terminals, metal wires for connecting tips of the respective leads to the terminals of the semicon- 
5 ditctor chip, and a moid resin material for hermetically sealing at least a region Including the semiconductor 
chip and the tips of the leads around the chip. 

in such a lead frame for a semiconductor device, a stable and easy soldering connection Is required, for 
example, when a semiconductor chip is mounted on the lead frame by a soldering process, when the semi- 
conductor chip is connected to inner leads via wires by a bonding process, and when outer leads are connected 
10 to outside terminals. 

In order to obtain a lead frame having a good abutting characteristic for a semiconductor chip and a good 
wire-bonding characteristic, it is known in the art to form a thin plated film of Ag or Au on the Cff0r pad area and 
the inner lead portions. However, such a method for forming a thin plated film of Ag or Au on the die-pad area 
and the inner lead portions requires laborious and wasteful work, 
15 Recently, however, a lead frame has been disclosed which the chip mounting area, the inner lead portions 

and the outer lead portions are coated with a film of Pd or Pd-alloy. See Japanese Examined Patent Publication 
(Kokoku) No. 63-49382 (Kokai No. 59-168859). 

The film of Pd or Pd-alloy is chemically stabie and, therefore, useful for good abutting characteristic for 
obtaining a semiconductor chip, good wire-bending characteristic, and good wetting characteristic. Therefore, 
20 the film of Pd or Pd-alloy makes it possible to improve the wetting characteristic of the outer leads. Also, since 
the entire surface of the lead frame Is coated with the film of Pd or Pd-alloy, a process for plating it is simple. 

However, the above-mentioned lead frame still has the following problems. 

Although the film of Pd or Pd-alloy is chemically stable and has a generally satisfactory wire-bonding 
characteristic, more severe, and more sophisticated characteristics have been receniiy required in some occa- 
25 sions. For example, although there are no problems In an abutting characteristic for a semiconductor chip and 
the wire-bonding characteristic, the film of Pd or Pd-alloy may deteriorate as a result of its heat history, for 
example, when the semiconductor chip is mounted on the chip mounting area. The wetting characteristic of 
the lead frame at a later process may thus be reduced. 

Therefore, it is rather difficult to attain a required wet area ratio, for example, not less than 90 % and also 
30 it is difficult to attain a required wetting speed. Thus, it is necessary to dip the lead frame in a solder basin for 
a longer time. 

An object of the present invention ss to provide a lead frame for a semiconductor device having a good 
abutting or soldering -characteristic. 

According to this invention, a lead frame for a semiconductor device comprises: a lead frame material made 
35 of a metal strip and including at least a plurality of inner and outer leads, a Pd or Pd-alloy film formed directly 
or via an untierinyer film on an entires surface of said lead frame material; and an Ag or Au-piated Him further 
formed on said Pd or Pd-alloy film of at least said outer leads of the lead frame material, 

In the present invention, the Ag or Au~plated film serves as a protective film for the under! ay er of Pd or 
Pd-alloy film and, on the other hand, although the Ag or Au-plated film may be only very thin, there exists the 
4Q undedayer of Pd or Pd-alloy flim having a good characteristic, so the drawbacks of the two films can mutual ly 
be compensated for and the soldering characteristic of the outer leads can significantly be improved due to 
meir cooperative effects. Particularly, the time necessary for wetting the solder can be significantly reduced. 

A particular embodiment of a lead frame in accordance with this invention will now be described with refer- 
ence to the accompanying drawings; in which:- 
45 Figure 1 is a plan view of a lead frame according to the present invention; and, 

Figure 2 is an enlarged cross-sectional view of an outer lead portion of the lead frame of the present inven- 
tion. 

Referring now to the drawings. Figs. 1 and 2 show a preferred embodiment of a lead frame wruch can be 
used for a semiconductor device according to the present invention. 

50 in the drawings, a lead frame genera% indicated by reference numeral 1 0 is made of a metal strip, including 

outer leads 12, inner leads 14, and a chip mounting area or die pad 18, on which a semiconductor chip {not 
shown) ss to be mounted, which are supported and connected via support bars 18 to upper and lower guide 
rails 20. A reference numeral 22 indicates dam bars. 

After a certain metal ftfm is formed on the surface of the lead frame 10, as will be described hereinafter in 

55 detail, a semiconductor chip (not shown) is mounted on the chip mounting area 16, the semiconductor chip is 
connected to the inner leads by bonding wires, and, then, the semiconductor device including at least the semi- 
conductor chip and the inner leads around the chip is hermetically sealed with a moid restn materia!, whereby 
a semiconductor device is obtained. The outer leads of the semiconductor device are plated in advance with 
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solder films or are plated wath solder films when the semiconductor device is mounted on a circuit board (not 
shown)* Thus, when the semiconductor device is mounted on a predetermined position on the circuit board, 
the outer leads are thus connected to a predetermined pattern thereon. 

According to this invention, a Pd or Pd-afioy fslrn is formed on the entire surface of the Eead frame 1 □ and, 
5 then, an Ag-pSated Him or Au-pfated film Is further formed thereon. 

Cu or Cu-aiioy or Fe-N* aitoy ..can^enei^iy be usee as a rosier of she JeM.frame, but the frame is not 
I im ited to a pa'mlSSar : Mett : " v ' v ' v ''" w '" 

As shown in Fig. 2, according to the present invention, a Pd or pd-a!ioy film 24 is formed on the material 
ofjf^gggjf^e 10 via an underiayer consisting of v for example, a Ni-plated film or the W& C or is directiy formed 
10 on ^ thamaten^ there<3f^:depending on the material, by tself. The Pd-a<ioy used -in th s invention may be a -Pd-Ni 
alloy, Pd-Co alloy, Pd-Ag a. } ?oy t F^-Cu attoy, or the like. Such a Pd or Pd-alfoy fi?m 24 can be formed by elec- 
troplating 5 eiectroless-plating, or any other thin fi3m forming method, for example, a sputtering, The thickness 
of the Pd or Pd-aNoy fiim 24 is advantageously not less than 0/1 [im. 

The Ag-piated film or Au-p[ated film 28 may be formed on the entire surface of the lead frame 10 or at least 
15 on the outer leads 12 of the lead frame 10. 

The Ag- or Au-plated fiim 28 Is very thin, i.e., the thickness thereof is from a mon atomic. layer Shk&ness to 
0.1 jam. Since the thickness of the Ag- or Au-plated fifrn 28 is so small, the cost required for the purpose can 
significantly be reduced and, in case of Ag-p:ated film, a reduction of an electrical insLtfation characteristic or 
a short circuit between leads due to mig ration can advantageously be prevented. 
20 Because it is necessary to form the Ag or Au-plated film 28 very thin, a general soldering basin tfc not suit- 

able, since more severe plating conditions are thus required. Therefore, a particular soldering basin containing 
a very low density of Ag or Au, such as 5 to 1000 ppm of Ag or At? is used. 

As mentioned above, in this invention, since an Ag-or Au- plated film is formed on an under! ayer of a Pd or 
Pd-alloy film, the film of Pd or Pd-aHoy can be prevented from being deteriorated due to the heat history of the 
25 lead frame 10, for example, when the semiconductor chip (not shown) is mounted thereon. Aisc, since the plated 
film of Ag or Au-alloy is chemically and thermally stable, the wire- bonding or so fearing characteristic of the outer 
leads can significantly be improved. Consequent/, the ratio of the sobering wet area can fee improved and 
also the time necessary for wetting to obtain a predetermined wet area can be effectively shortened. 

Since the thickness of the Ag- or Au-plated film 28 is very thin, such as from a mon atomic layer thickness 
30 to 0.1 jim, a good characteristic of the surface of the Eead frame 1 0 can be obtained because W & composed of 
both the characteristic of the Pd or Pd-ailoy and the characteristic of the Ag> or Au-plated fslm 28. 

Generally, although an Ag- or Au-piated film has an inherently good sofdering or wire-bonding characteri- 
stic, it should not he made thick In view of the cost performance and, in the case of an Ag-plated Him. in view 
of generation of migration. On the other ft&nd, if such an or Au-plated film is formed very thin on the material, 
35 for example, on a copper matena!, the fatter may easily be oxidized to affect & sobering characteristic. 

However, according to the present invention, the tsndefiayer of Pd or Fd-a! ioy film is protected by the Ag 
or Au-plated film 28 and, on the other hand, although the Ag or Au-piated film 28 is very thin, there exists the 
lindeiiayer of Pd or Pd-alioy film 24 having a good characteristic, so the drawbacks of the two-fihns: can mutually 
be compensated and the sobering characteristic of the outer leads can significantly be improved due to their 
4Q cooperative effects. 

If the Ag or Au-p6ated film 28 is forced on the chip mot&ntJfijg area 16 and the miles leads 14, when a semi- 
conductor chip (not shown) is mounted on the chip mounting area 16 or when me inner leads 14 are connected 
by a wire-bonding process, the Ag or Au-plated fifm 2B Is easily melted because of its very small thickness, 
and the chip-mounting or the wire-bonding can be effectively conducted on the undertayer of Pd or Pd-alioy 
45 film 24. 

Otherwise, even if such an Ag- or Au-plated film 28 is not formed on the chip mounting area 18 and on the 
inner leads 14, the underlayer of Pd or Pd-aiJoy fHrn 24 wSf hot deteriorate, since no heat history is exerted the- 
reon. Thus, the chip-mounting or the wire-bonding can be effectively conducted. 

so EXAMPLE 1 

Two kinds of samples were prepared, One kind was made by forming a Ni-plated film having 1 pm thickness 
on a lead frame made of Cu material and, then, forming a Pd-piated film h^\r&m$pm^& The 
kind was made by forming an Ag-p!ate&:f*irrx on th© above samples. The corav 

55 paraiive results of the soldering characteristics are shown in Table 1. 
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Table 1 
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Ni /Pd 


Ni /Pd/ Ag 






Ratio of 


Time 


Ratio of 


Time 


10 




wet area 




wet area 




After heated under 
310°C x 1 rein. 


9 5% 


4sec . 


100% 


2 sec . 


15 


After heated under 
330°C x 1 inin, 


70% 


10 sec. 


100% 


3 sec , 



2G Temperature of soldering basin: 220 
Components of Ag-plating basin: 
KAg (CN)2: 1 0 - 2000 ppm 
KCN 10-5Qg# 

As wili be clearly understood from Table 1, using the samples of Ni/Pd/Ag, the ratios of the soldering wet 
25 area were more improved and also the time necessary for wetting io obtain a predetermined wet area can be 
significantly shortened. 

The same results as shown above were also obtained under the conditions of forming an Au-plated film in 
pi ace of an Ag- plated film. 

30 EXAMPLE 2 

Two kinds of samp6es ware prepared. One kind was made by forming Pd^iatediiim hesving G^S thick- 
ness on a lead frame made of 42 (JfS) sJioy (Fe-Ni alloy). The oilier was made by forming and Ag-piated film 
having fX0G5 jjjtj thickness on said ones. The comparative results of soldering Char^^ri^jcs are shown \r. 
. 35 Table 2. 



Table 2 

40 



45 



50 





Pd 


Fd/Ag 




Ratio of 
wet area 


Time 


Ratio of 
wet area 


Time 


After heated under 
310°C x 1 xnln. 


98% 


3 sec . 


100% 


2 sec . 


After heated under 
330*C x 1 min. 


80% 


9 sec . 


100% 


2 « 5 sec » 
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Temperature of soldering basin: 220 
Components of Ag-piating basin: 
KAg {CN)2: 10 - 2000 ppm 
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KCN 1G-50g/l 

As will be clearly understood from Table 2, using the samples of Pd/Ag, the ratios of soldering wet area 
were improved and also the time necessary for wetting to obtain a predetermined wet area can be significantly 
shortened. The same results as shown above were also obtained under the conditions of forming an Au-piated 

5 fUm in place of an Ag-plated film. 

A lead frame obtained according to the present invention is used for making a semi cor, ductor device as 
follows in a known manner. First, a semiconductor chip is mounted on the stage or die-pad portion of the lead 
frame in a die-bonding process. Then, wires are bonded to the semiconductor chip to be connected to the inner 
lead persons of the lead frame in a wire-bonding process. Then, the serniconducor chip, the stage and the inner 

10 lead portions are molded with a resin to hermetically sea! them in a molding process. The outer lead portions 
are cut from each other and formed in a triming and forming process. 



Claims 

15 

1 . A lead frame (1 0} for a semiconductor device comprising: 

a lead frame material made of a metal strip (20) and including at least a plurality of inner (14) and 
outer leads (12), 

a Pd or Pd-al3oy film (24) formed directly or via an underfayer f?im (26) on an entire surface of the 
20 lead frame material; and, 

an Ag or Au-plated film (28) further formed on the Pd or Pd-ailoy film of at least the outer leads (1 2) 
of the lead frame material, 

2. A lead frame as set forth in claim 1 , wherein a thickness of the Ag or Au-plated film is within a range from 
25 a monatomic layer thickness to 0.1 j.irn. 

3. A lead frame as set forth srt claim 1 or 2, wherein said Pd-ailoy is Pd-Ni alloy, Pd-Co alloy, Pd-Ag alloy, 
or Pd-Cu alloy formed by an electroplating, elecfc-oless-pialing, or sputtering, 

3Q 4w A lead frame as set forth in any one of the preceding claims, wherein the thickness of the Pd or Pd-alioy 
film is not less than 0.1 u*r*. 
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Fig. I 




Fig. 2 
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